Introduction
Actinomycetes are continuous bio-sources for active metabolites; they are able to produce cosmetics, vitamins, nutritional materials, herbicides, antibiotics, pesticides, antitumor agents, immunosuppressive agents, anti-parasitic and enzymes. Variable studies were screened for bioactive applications of these valuable marine and terrestrial prokaryotic organisms (Reddy et al., 2011; Valli, 2012; Sharma, 2014; Kafilzadeh & Dehdari, 2015 and Sheik et al., 2017) . It is presumed that marine microorganisms exhibit unique structural and bioactive properties that encourage their survival in extremes of pressure, salinity and temperature. Marine mesophilic actinomycetes were investigated for different types of novel bioactive secondary metabolites not observed in terrestrial inhabitant microorganisms (Abdelfattah et al., 2012; Sengupta et al., 2015; Subramanian et al., 2017 and Tuncer & Bizsel, 2017) . In fact, antibiotic substances from thermophilic marine actinomycetes were not focused in review of literature (Ibrahim, 2017) ; so it was selected as our study target. Polysaccharides, proteins, nucleic and fatty acids are primary metabolites common in all biological systems. However, secondary metabolites are of low molecular weight and highly diversified chemically and taxonomically with mysterious function, characteristic mainly to some specific, distinct types of organisms (Berdy, 2005) . They include antibiotics, pigments, toxins, effectors of ecological competition and symbiosis, pheromones, enzyme inhibitors, immuno-modulating agents, receptor antagonists' and agonists, pesticides, antitumor agents and growth promoters of animals and plants (Demain, 2000) . Secondary metabolites amazing structural diversity makes them a promising field for structure elucidation and synthesis. Synthesis of secondary metabolites is detected under suboptimal growth conditions in the stationary phase or near the exponential growth phase end. Antibiotic compounds may fermented by living organisms primary or rather a secondary metabolism. Fermentation is a term has been extended by industrial microbiologists to characterize any process for product production by the mass culture of microorganism (Stanbury et al., 1995) . Antibiotics are compounds that inhibit the microbial growth or kill other microbiota; moreover, they proved to have a cytotoxic activity (Soria et al., 2005 and Gamal, 2016) .
S
TUDY is aimed to ferment, isolate and characterize a significant antimicrobial metabolite from the marine thermophilic, Saccharomonospora viridis AHK 190. Maximum yield of a wide spectrum antimicrobial agent was optimized and fermented by Saccharomonospora viridis AHK 190. Extraction, purification and molecular formula elucidation of the fermented agent were also assayed. A diversity of human microbial pathogens was applied as indicators in the antibiosis assay. Thin layer chromatography technique was employed for partial purification of the antimicrobial agent. Spectral and elemental analysis studies were as well screened for molecular formula elucidation of the purified compound. Actinomycete optimum growth and maximum antibiotic fermentation were confirmed after 3 days of incubation at 55 o C under the effect of pH at 8.0 and shaking at 180 rpm. In addition, maximum antibiotic production was achieved with galactose, aspartic acid, 3.0% NaCl and 0.11% K 2 HPO 4 ; while pyridoxine, starch, 5.0% NaCl and 0.11% K 2 HPO 4 encouraged the actinomycete optimum growth. Elucidated molecular formula of the under-test antimicrobial compound was found as C 31 The present study was undertaken to ferment a wide spectrum antimicrobial agent by marine Saccharomonospora viridis AHK190 under the optimum conditions of variable cultural and environmental parameters; as well extraction, purification, characterization and structure elucidation of the purified compound were investigated. Bacterial strains were cultivated overnight at 37°C on nutrient broth (NB) (diffco) for 24 h; while fungal strains at 28 o C on Sabaroud's broth (diffco) (SB) for 4 d for fungi. Cultures were then standardized to O.D. of 0.1 at 620 and 530 nm for bacteria and fungi, respectively and were used as inocula for further studies.
Materials and Methods

Antibiosis
Optimization of antibiotic fermentation
Antimicrobial metabolite fermentation from Saccharomonospora viridis AHK190 was optimized under the effect of variable environmental and cultural parameters ( Table 1) . The marine actinomycete strain was previously isolated and studied by Ibrahim (2017) ; it registered a wide spectrum antimicrobial activity. It was obtained and cultured on a starch casein agar (SCA) with rifampin: 5.0 mg L -1 , nystatin: 50 mg L -1 and artificial sea water (Ibrahim, 2017 ) for 3.0 d at 55°C. After the incubation period, spores were harvested and homogenized in 0.5% tween 20 (0.2 OD) then used as inocula. Starch casein broth SCB was applied as the antibiotic fermentation medium; inocula of 1.0 ml spore suspension /100 ml SCB were applied for each under-test parameter. Sets of 250 ml conical flasks (in triplicate) containing 100 ml SCB/flask were sterilized and examined successively under the effect of the estimated optimum level of the former tested parameter (s) jointly with the current one. After the incubation period, actinomycete broth cultures were filtered using Whatman No.1 filter paper. Then, Saccharomonospora viridis AHK190 growth was estimated as dry mycelial weight in a fixed volume of culture broth by drying the cell mass in a hot air oven at 80°C for 18-24 h (Kandula & Terli, 2013) ; and expressed as growth dry weight (mg/100 ml culture). Antibiosis activities of the filtrates were assessed based on agar-well diffusion test (ADT) in accordance with the Clinical and Laboratory Standards Institute (CLSI) and growth inhibition zone diameter (mm). The parameters corresponding to the highest growth dry weight of actinomycete strain and/or widest inhibition zone diameter were indicated as the optimum conditions. 
Nutritional factors
Carbon source (1.0g /100 ml)
arabinose-fructose-galactose-glycerol-lactose-maltose-mannitolmannose-meso-inisitol-starch-sucrose-xylose-glucose-raffinose-inulincontrol** Nitrogen source (at equimolecular amount) * ammonium nitrate-ammonium sulphate -potassium nitrate -sodium nitrate-urea-aspartic acid-glutamic acid-phenyl alanine-glycinepyridoxine-beef extract-peptone-no nitrogen source (basic medium starch casein without potassium nitrate) NaCl concentration (%) 0-2-3-5-10-15-20 
Statistical analysis
The means, standard deviations and least significant difference (LSD at 5%) of the inhibition zones diameters and growth dry weights were calculated. After testing the data for normality, it was analyzed by analysis of variance (ANOVA). The significance of variations was assessed according to SPSS software (SPSS, 2006) .
Fermentation and extraction
Under achieved optimum fermentation conditions, a total of 8 liters SCB was inoculated by previously prepared spore suspension of actinomycete strain (5.0 ml inoculum/100ml SCB) then incubated. After the incubation period, crude metabolites were extracted and the dried solvent extract was bio-assayed for antibiosis activity and conducted for purification analysis via thin layer chromatography technique.
Ten variable organic solvents/solvent systems: Ethyl acetate, diethyl ether, benzene, petroleum ether, chloroform, toluene, benzene:chloroform (3:1) (v/v), benzene:methanol (19:1) (v/v) and n-hexane:ethyl acetate (1:1) (v/v) were screened for the proper extractant; 20 ml out of previously performed culture supernatant was extracted through manual shaking thrice with equal volume of the tested solvent. Each organic solvent layer was collected, dried over anhydrous NaSO 4 , desorbed in methanol, concentrated and tested for antibiotic activity. The organic solvent which produced a crude extract of the widest inhibition zone diameter was selected for extraction assay.
Purificationbythinlayerchromatography
Partial purification assay of crude solventextract was undertaken by analytical ascending thin layer chromatography (TLC) technique on 1.0 mm thick silica gel 60 (Merck Ltd.). Elution was optimized with 8 different running organic solvent/solvent system(s) (v/v); toluene: petroleum ether (3:1), toluene:chloroform (3:1), toluene:chloroform (3:2), toluene:chloroform (1:1), toluene:ethyl acetate (1:1), toluene:acetone (1:1) and toluene:glacial acetic acid (1:1). TLC plates were prepared, spotted with the crude extract sample, developed by running the mobile phase then observed under UV light at 254 and 365 nm (Model, MOPEL ENF-260C, New York, U.S.A). After ultraviolet light visualization, spots were separately scraped off carefully, pooled, dissolved in methanol, centrifuged at 10,000 g for 10 min to remove silica and concentrated; antimicrobial activity was then evaluated . Active TLC spot-extract was conducted to further studies.
Physical properties
Physical properties such as colour, consistency, melting point and solubility of the TLC spot-extract were surveyed .
Spectroscopic analysis
The 
Minimum inhibitory and bactericidal concentrations
Determination of both minimum inhibitory (MIC) and minimum bactericidal (MBC) concentrations of the under-test substance was designed in accordance with (CLSI). A 100 mg of the substance was dissolved in 10 ml of 20% Dimethyl sulfoxide (DMSO) to get a stock solution of concentration 10 mg ml -1 . Bacterial broth cultures were prepared and subsequently each one was diluted 1:100 in nutrient broth (NB) and again cultivated until it reached the exponential growth phase then standardized to 0.1 O.D.at 620 nm. Then, the substance stock was diluted using the standardized bacteria as a diluent to obtain different concentrations (from 1000 to 62.5 μg ml -1 ) following two-fold serial dilution method in accordance with (CLSI). Diluted stocks were incubated at 37°C for 24 h; MIC values of the pure antibiotic compound produced was measured by visual comparison method expressed in turbidity differences between stock cultures as a result of bacterial growth. MIC is the lowest concentration of a substance showing clarity in which growth is not observed and was expressed as μg ml -1 . MBC of the pure compound was also evaluated by inoculating sterile NA plates from clear tubes that showed no growth via streak manner. The lowest antibiotic concentration causing no growth was considered as the MBC and expressed as μg ml -1 .
MIC was also screened against variable fungal strains. The antifungal assay was assessed based on ADT and inhibition zone evaluation. A two-fold serial dilutions of the stock substance were prepared using sterile saline solution as a diluent. A 100 μl of each dilution was transferred into a hole made in Sabaroud's agar (SA) plate already seeded with 100 μl of a fungal inoculum. Inoculated plates were incubated at 30°C for 4.0 d; obtained fungal inhibition zones and MIC were recorded.
Antitumor activity assay
Antitumor activity of the partial purified substance was measured using a colourimetric cytotoxicity assay (Skehan et al., 1990 and Soria et al., 2005) . HCT-116 colon carcinoma cell line was collected from a culture at exponential phase; it was counted and plated for 24 h as a cell monolayer in 96 multi-well plates (104 cells/well). Then different concentrations of the purified compound (0, 5, 12.5, 25 and 50 µg L -1 ) were added to the wells in triplicate. After 48 h of incubation at 37°C in an atmosphere of 5.0% CO 2 , cells were fixed, washed then stained with Sulfo-Rhodamine-B (SRB) stain. Excess stain was washed with acetic acid and the attached stain was soaked with Tris-EDTA buffer. Colour intensity was evaluated by using ELISA reader. The relation between survival fraction and antibiotic concentration was plotted to get the tumour cell line survival curve after the specified antibiotic dilution. The LC 50 (the minimum concentration which reduces the initial cell number to half) was calculated.
Results
Optimization of antibiotic fermentation
Environmental parameters Collected data showed that the most significant growth and antibiotic fermentation by Saccharomonospora viridis AHK 190 were noticed after 3.0 d of incubation at 55ºC under shaking at 180 rpm and pH 8.0 (Table 2 and Fig.1) . Saccharomonospora viridis AHK 190 exhibited a narrow range of incubation temperature for a relatively good growth and antibiotic production.
Cultural parameters
The effect of cultural parameters on Saccharomonospora viridis AHK 190 growth and antibiosis bioactivity (Table 2 and Fig.1 ) revealed that optimum antagonistic action against all tested bacteria and fungi was evaluated at 3.0% NaCl; while it's optimum growth rate was observed at 5.0% NaCl. However, a further increase in the salt concentration reduced the antagonism behaviour. Saccharomonospora viridis AHK 190 was able to utilize all tested carbon sources; whereas, starch stimulated highest growth intensity. Optimum antibiosis activity was reported with galactose followed by starch then raffinose; whereas, actinomycete did not show any antimicrobial activity with fructose, glycerol, lactose, maltose, mannose, glucose and inulin. On the other hand, cultures containing aspartic acid as a nitrogen source enhanced highest antibiotic activity followed by beef extract, urea and potassium nitrate. It is interesting to notice that pyridoxine and K 2 HPO 4 at 0.11% were the high potent treatments either for growth or antagonism.
Statistical analysis
Antibiosis efficacy evaluations and calculated averages and SD values of estimated inhibition zone diameters and growth dry weights were illustrated in Fig. 1 and Table 2 for all screened parameters. It was found that SD values of recorded inhibition zone diameters were significantly different among all the tested parameters.
Antibiotic extraction
Solvent extraction assay indicated that toluene was the most appropriate solvent for antibiotic(s) primary extraction followed by ethyl acetate, petroleum ether then benzene extracts. Toluene extract gave the highest antagonism activities against both the tested bacteria and fungi. The obtained crude antibiotic extract was brown solid crystals.
Purificationbythinlayerchromatography
Among the eight solvent systems applied in TLC assay, Toluene:Chloroform (3:2 v/v) was found to be the best solvent system for antimicrobial metabolites separation at Rf value = 0.95. Only one spot was developed on TLC assay under the effect of UV light at 254 and 365 nm. This active spot appeared as violet color at 254 nm and red colour at 365 nm. 
Antibiotic characterization and structure elucidation Physical properties
The purified substance was of brown colour, crystals of melting point >360ºC, soluble in DMSO, sparingly soluble in water and insoluble in ethanol, methanol, toluene, butanol, diethyl ether and dimethyl formamide.
Structure elucidation
Results of spectral studies comprised IR, UV, 1 HNMR, 2 HNMR and Mass spectrum (MS) were represented in Fig. 2, 3 , 4, 5 and 6, respectively. The infrared spectrum (KBr) of the pure substance plotted a diagnostic peak at 3396.08 cm -1 ; it was OH group indicative. However, the peak at 1629.81 cm -1 was assigned to (C=O) group. The clarified peak at 1145.21 cm -1 was assigned to (C-S) group. The peak formed at 617.06 was assigned to aliphatic C-H bend (CH 3 attached to an aliphatic chain) (Fig. 2) . Twelve libraries were screened for IR matches (Georgia state crime Lab sample libraries, HR Nicolet sampler libraries1-6, Aldrich condensed phase sample libraries 1 & 2, Hummel polymer sample libraries and Siga biological sample libraries 1 & 2) but didn't give any noticeable matches (>50%). The UV visible spectrum of the purified active compound (dissolved in DMSO) indicated the presence of conjugated structure with absorptions at λ max=268 and 230 nm (Fig. 3) . The 1 HNMR and 2 HNMR spectra of the pure compound (Fig.4 and 5, respectively) confirmed the presence of OH which was observed as multiplets at 6.076 -6.449 ppm. Methyl group protons were observed at 1.271 & 1.231 ppm. The aliphatic protons appearing at 3.651 & 4.90, 5.125 and 3.512 ppm were assigned to CH, CH 3 and CH 2 , respectively. The molecular formula of the antibiotic was deduced as C 31 H 34 O 4 S 3 based on the results of elemental analysis (Anal. Cal. for C 31 H 34 O 4 S 3 :C, 65.69%; H, 6.05%; S, 16.97%; O, 11.29; found C, 69.3%; H, 5.61%; S, 15.18%). The electron impact (EI) mass spectrum confirmed the molecular weight of the antibiotic was 567. According to the described chemical assignments that obtained from the spectral and elemental analysis, this compound is not identical with similar antibiotics described before. Its probable structure and IUPAC name is given in Fig. 7 . 
Electronic database search
ChemID plus (Advanced) database (containing 370,000 compound) was surveyed with classification codes such as "antibiotic", "anti-cancer", "poison" and "hazardous" in the molecular weight range 550-567. However, the survey didn't matched the properties of the under-test compound. Another database, Novel Antibiotic Database, was also screened; no bioactive compound was found matching described properties of the under-test substance.
Antimicrobial assay
The pure substance showed a broad spectrum of antibiosis activity against both Gram positive and Gram negative bacteria. Evaluated MIC values were the same against all strains (125 μg ml -1 ) except for Bacillus subtlis, it was 250 μg ml -1 ; MBC estimations were found either 250 or 500 μg ml
-1 depending on the tested bacteria (Table 3) . As well, the pure compound showed antifungal activity against all tested strains; detected MIC values were 250 or 500 µg ml -1 depending on fungal strain (Table 4) . 
Antitumor activity assay
The survival fraction of colon (HCT116) cell line was plotted against the different concentrations (5-50 µg ml -1 ) of the pure compound(s) (Fig.8) .
The evaluated concentration which reduced survival of carcinoma cell line of the colon to 50% was 24.2µ ml -1 . 
IC50=24.2µg/ml
Discussion
Rapid growth rate of thermophilic actinomycetes and the reduction in contamination due to the elevated growth temperature make these organisms particularly useful for industrial fermentation (Tendler & Burkholder, 1960) . Performance of a supportive production medium is an essential parameter for successful and effective fermentation of a specific bioactive compound and achievement of high product yield. Abdelaziz et al. (2012) and Messaoudi et al. (2015) estimated that antibiotic production is highly depended on the medium carbon/nitrogen ratio; high ratio encourages optimum growth and metabolites fermentation of nearly all actinomycetes strains. Kandula & Terli (2013) reported that proteins, peptides and amino acids in the medium supply the balanced use of C and N sources forming the basis for pH control as buffering capacity. James et al. (1991) documented that amino acids enhanced growth and antibiotic production, also in present foundation, pyridoxine and aspartic acid influenced growth and antibiosis activity. Presence of starch and casein in SCA stimulated the growth as well as antibacterial activity actinomycetes (Meklat et al., 2013 and Ranjan & Jadeja, 2017) , which was in parallel with present study in which SCB showed high growth and antibiosis activity. Elements promoted antimicrobial fermentation by actinomycetes was classified by Trabelsi et al. (2016) into three main groups necessary for antibiotics fermentation: Organic nutrients such as starch, asparagine, sucrose; inorganics salts (Ca, Mg, K, Na, NH 4 ) and Trace elements (Mn, Zn, Fe) . This was in agree with current assay in which the SCB medium contained starch, casein, KNO 3 , MgSO 4 .7H 2 O, FeSO 4 .7H 2 O, CaCO 3 and NaCl; moreover, addition of K 2 HPO 4 in SCB medium was found strongly yield and metabolite production enhanced which was coincide with Kandula & Terli (2013) . Optimum antibiotic fermentation by Saccharomonospora viridis AHK 190 was noticed after 3 d of incubation which supported that the fermentation was started at the late exponential phase and the stationary phase which revealed that product must be a secondary metabolite; also Kandula & Terli (2013) recorded the highest antibiotic yield in the late exponential phase and the stationary phase. Trabelsi et al. (2016) and Ranjan & Jadeja (2017) recorded that the optimum antagonism started during stationary phase.
The antimicrobial profile of an actinomycete depends on both culture medium and extraction performance (Trabelsi et al., 2016) ; and the best extraction solvent is depending on the actinomycete strain and on the produced substance (Abdelaziz, et al., 2012) . Aouiche et al. (2012) achieved that some antimicrobial compounds fermented by certain strains are very hydrophilic and cannot be extracted by solvents moderately polar as ethyl acetate. The recent study showed that toluene followed by ethyl acetate was the best solvents for antibiotic extraction; while Messaoudi et al. (2015) results indicated that ethyl acetate and butanol were the most appropriates for antibiotics extractions. Abdelaziz et al. (2012) mentioned that they obtained two different crude extracts in n-butanol and dichloromethane from culture filtrates of two isolates; in addition, crude extracts with hexane of the two isolates showed a very significant antifungal activity.
TLC is an appropriate technique to get enough antibacterial agents and efficient method for separation of antibiotic. In the current assay, toluene: chloroform (3:2 v/v) was proved as the best TLC purification solvent system that identified a single active spot under UV light at 254 and 365 nm; which indicated that it is only one compound. As well, Messaoudi et al. (2015) detected only one spot with solvent system (ethanol-ammoniawater) at 256 and 355 nm. Whereas, chloroform: methanol (24:1, v/v) was found to be the best solvent system for the separation of antibacterial metabolites in Ranjan & Jadeja (2017) work. Characterization of recent purified substance via spectroscopic and elemental analysis confirmed the presence of variable chemical groups and a conjugated structure. The most useful classification of antibiotics is based on chemical structure. The main classes of antibiotics are: Beta-Lactams (Penicillins and Cephalosporins), Macrolides Fluoroquinolones, Tetracyclines and Aminoglycosides. While each class is composed of multiple drugs, each drug is unique in some way. According to evaluated tasks, present compound is not identical chemically or physically with any of antibiotics related to these main antibiotic classes; it seems to be a novel agent. Microorganisms often transformed into resistant strains to current antibiotics, so new one may be useful in these cases.
Collected resent study data of MICs and MBCs revealed the broad spectrum of the purified antimicrobial agent activity against Gram+ve and -ve bacteria and fungi. Variable tested MICs from different marine Streptomyces strains were also examined by Henrietta (2010) and El-Gendy et al. (2008 ) . Cytotoxic assay of the present compound was found to have a LC 50 value of 24.2 µg/ml; dissimilar, Feling et al. (2003) 
Conclusion
According to the chemical and physical characterization, it was considered that this isolated antimicrobial agent is a novel broad spectrum compound. It is of new chemical formula different from other current main classes of antibiotics. This agent must be tested medically for its effect on human health; if it is safe, it can be used as a human drug against many microbial pathogens. Thermophilic marine actinomycetes are a new unique antibiotic source of microbiota and hopefully a promise amazing bio-source for many active secondary metabolites.
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